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rs to be used in the production of titanium 
tetrahalides such as titanium tetrachloride by 
halogen ation, for example in a fluidised bed. 
It is an objeCT of die presient invention tx> 
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don x>f ferrous chloride which is particularly 
suitable for conversion to finely-divided iron 
via reducdon of soKd ferrcyus chloride di- 
hydrate or to finely-divided iron oxide). The 
hydrochloric add may be recovered from such 
material, for example, by the Aman process 
(as described in Bridsh specification 793,700). 

During the leaching step, k is important on 
a commercial scale to remove as much as 
possible of the iron content from, and to re- 
cover as much as possible of the titanium 
dioxide content in, xht final solid product. This 
is parriculariy true if the beneficiated produdt 
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It is preferred that the starting material 60 
should have an average moan wei^ particle 
size in the range of 50^ to 300^ and particu- 
larly one in the range lOOj^ to 200^. 

The material may be heatedl, for example, 
to a temperature in the range 850°C to 65 
950°C in an oxidising atmosphere such as air 
for a sufficient length of time to convert sub- 
stantially all the iron content to the ferric 
state. This may be accomplished, in a rotat- 
ing kiln or in a fluidised bed or in other suit- 70 
able device. 

After oxidation the iron content of the 
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(71) We, British Titan Limited, 
formerly British Titan Products Company 
Limited, a British Company, BiUin^amj 
Teesside, - Great Britain, do hereby declare 
5 the invention, for which we pray that a patent 
may be granted to us, and tthe method by 
which It is to be performed^ to be particularly 
described in and by the follotwing state- 
ment: — 

10 The present invention relates t!0 the bene- 
fidation of iron-containing tittaniferoais mat- 
erials such as ilmenites or leucoKenes. 

It Jiffi'ten'f ound desirable, when benefidat- 
ing insi-CQSindniDg tiianiferous materials to 

15 preheat the material under oxidising condi- 
tions to ensure that the iron con- 
tent is in the ferric state and 
thereafter to reduce the iron sub- 
stantially wholly to the ferrous state. By this 

20 means the iron content 0!f the material is 
rendered more reactive when contadted with a 
mineral acid such as aqueous hydrochlooic add 
(when the iron content is removed as a solu- 
tion of ferrous chloride which is particularly 

25 suitable for conversion to finely-divided iron 
via reduotion of solid ferrous chbride di- 
hydrate or to finely-divided iron oxide). The 
hydrochloric add may be recovered from such 
materialj for example, by the Aman process 

30 (as described in British spedfication 793,700). 
Ehrring the leaching st3ep, i!t is important on 
a commerdal scaile to remove as much as 
possible of the iron content from, and to re- 
cover as much as possible of die titanium 

35 dioxide content in, the final sodid product This 
is particulariy true if the bencfidated produdt 



is to. be used in the production of titanium 
tetrahalides such as titanium tetrachloride by 
halogenation, for example in a flmdiscd bed. 

It is an object of (the present inventim to 
achieve these aims. 

Accordingly, the present invention: is a pro- 
cess which comprises heating a findy-divided, 
iron-containing titaniferous material under 
oxidising conditions to convert !the iron content 
to the ferric state, reducing the iron content 
subitantiaily wholly to the ferrous state and 
thcitafter firstly conltactiiig the material with 
aqueous hydrochloric acid containing dissolved 
titanium from a previous leaching step and with 
fresh aqueous add to leach out the iron con- 
tent of the material before recovering finely- 
divided solid material containing an increased 
proportion of tiitanium dioxide. 

The starting maiterial for the present pro^ 
cess may be, for example an ihrnenite or a 
leujcoxenc and is preferably the former. Such 
materials usually contain between 5% and 
55% of iron (as FeO). 

It is preferred that the starting material 
should have an average mean wdght particle 
size in the range of 5(\u to 300/* and particu^ 
larly one in the range \0Ojm xo ZOQ/t. 

The material may be heated, for example, 
to a tempcratuie in the range 850*'C to 
950*^0 in an oxidising atmosphere such as air 
for a suffident length of time to convert sub- 
stamtially all the iron content to the ferric 
state. This may be accomplished, in a rotat- 
ing kiln or in a fluidised bed or in other suit- 
able device. 

After oxidation the iron content of the 
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material is reduced until it is substanriaUy 
wholly in the ferrous state, i.e. not more than 
2% l>y weight of the iron content (csa mated 
as Ve) should be preseat as f earic iron "or as 

5 metallic iron. 

The reducing agent may be soUd carbon 
but is preferably a gaseous reducing agent such 
as hydrogen (with or without die introduction 
of a minor proportion of ^eam) a hydro- 

10 carbon containing from 1 to 4 carbon atoms, 
particularly methane as described:, for ex- 
ample, in our copending applications 38475/69 
and 38474/69 (Serial Nos. 1,282,503 and 
1,282,324). The reduction is conveniently 

15 carried out at a temperature in the range 
600°C ID 1,1C0°C and particularly at one m 
the range 700°C =to 900*^0. 

Any suitable apparatus may be used for 
the reduction but it is again preferred to utilise 

20 a fluidiscd bed or a rotating kiln. 

After rcduaion the material is subjeaed to 
a two stage leaching in which ±e reduced 
material is separately contacted with suitable 
quantiries of aqueous hydrochloric acid, the 

25 first of which contains dissolved titanium. 

The first leach is carried mz using aqueous 
hydrochloric add which has been used to 
tech a preceding batch of reduced iron-con- 
taining ntaniferous material. Such onc&-used 

30 acid contains dissolved titanium (and iron) and 
has the advantage that it dissolves less tita- 
nium when used as a first leaching liquid of 
a new batch of reduced inm-containing titani- 
fcrous material. Normally, the add contains 

35 an amount of titam'um in the range of 0.01% 
to 2.0% and particularly from 02%, to 2.0% 
by weight (estimated as TiO-) and an amount 
of iron in the range of 10% to 20% by wdght 
(estimated as FeO). 

A stoichiometric excess of add (based on 
the iron content of the reduced matErial before 
leadiing) is preferably used, for example 20%> 
to 30yo excess^, and the leaching is carried 
out at an elevated temperature, for example 

45 at a temperature in the range 80°C to that 
of the boiling point of tiie add since such 
temperatures also assist significantiy in reduc- 
ing the amount of titanium which is rendered 
sohible during leaching. The leaching may also 

50 be carried out under superatmospheric pres- 
sure, if desired. 

The solid material is then separated from 
thz su^?ension, for example after a period 
of 30 to 300 minutes, and is then convedently 

55 contacted with a sinular amount of acid, e.g. 
20% to 30% stoicbiomciric excess based on 
the iron content of the reduced material before 
leaching at similar temperatures imtil substan- 
tially all the iron content has been removed. 

60 This leach is carried out with fresh aqueous 
hydrxxrhloric add (which is then re-used in 
the first leaching stage of a subsequent batch 
of itduce^ iron-containiog titaniferous 
material). 

65 The aqueous hydrochloric add used may 



be of any strength which wiH leach out the 
iron content of the material in a commeicially 
acceptable time but it is preferred to use 
acid containing from 18% to 22% by wdght 
of HCl, at least when leaching with fresh 70 
acid. The TiO-. comem: of the intermediate 
solid product of the two stage leaching pro- 
cess is normally in the range 75% to B5%. 

After treatment by the process of the pre- 
sent invention the solid product (which may be 75 
recovered by filtration, by the use of a centri- 
fuge or by decaniation) genenilly has a tita- 
nium content (estimated as TiOs) of at least 
90% and normally of at least 95yo and pre- 
ferably of at least 96% and is very suitable, 80 
particularly after a caldnation step for chlori- 
nation in a fluid ised bed to titanium terra- 
chloride. 

It has been found that mechanical agita- 
tion during the leaching stages is most un- 85 
desirable since it leads to breakdown of the 
leached particles, thereby rendering at least 
some of them difScult to recover and of un- 
suitable size for halogenation, at least in a 
fluidised bed. 90 

Consequently agitation (which is normally 
necessary for adequate leaching) may con- 
venientiy be provided by passing a gas, for 
example nitrogen or other inert gas, through 
the suspension of solids in liquid. 95 

It has also been found particularly con- 
venient to contact the reduced iron-containing 
titaniferous material with add in a fluidised 
column in which the add is passed upwardly 
through the column thereby contacting and 100 
fiuidising the material in the column. The add 
used in such a process is normally recycled 
through the colunm a number of times before 
being used for leaching a subsequent bstxh 
of reduced material, or discarded, as dtesired. 10.^ 

In the following Examples, Example^ 1 
describes a process of the present invention 
using a fluidised colunm for leaching. Example 
2 describes a process not according ito the 
present invention into which the material is IIQ — 
subjected, under conditions similar to these in 
Example 1, to a singte leaching stage only. 

Example 1 

Three htuidred gram portions of an ilmenitc 
containing 56.5% titanium (expressed as 115 
TiO,.) and 40.7% iron (expressed as FcO) 
which had been oxidised and reduced to 
ferrous iron at 875 °C were taken and treated 
as indicated at A, F, K, P and U in the 
flow sheet shown in the Figure accompanying 120 
the Provisionail specification. 

The material was contacted with the add 
in the leaching neps in a column up which 
was passed aqueous hydrcxrhloric add at a 
rate of 10 ml/second. This was colleaed from 125 
the top of the column and recirculated through 
the column for 60 minutes. 

The fresh add (designated as leach N.A.) 
was constant boiling arid (at atmospheric 
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pressure) and both fresh and onoe-used acid 
were circulated at a tenrperature of lOO^C. 

Sufiiciem jresh acid was used at each stage 
to provide a 20% sioichioTnecric excess (based 
on the iron content of the starting material). 

The titanium content as soluble and' in- 
soluble TiOz was estimated for the Discard 
Liquor (C) and the Fiiral Liquors H, M, R 



and W (also with tdie HQ content) and the 
titanium and iron content (expressed as TiOa 
and FeO respectively) of the Product Solids 
D, /, N and S and Intermediate Solids B, 
Lj Sc V were also estimated. The 
TiOz content of Q is given as a typical value 
for the titermediate Solid^. The results arc 
given b the Table below: 
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Table 



Discard Liquor (C) 








Soluble TiOa g/1 


•- 


5.6 




Insoluble TiOg g/1 




5.5 




Total Fe g/1 




76.5 




Product Solids 


weignt g. 


llOa/o 


Fe % 


Stage D 


153 


96.3 


0.35 


Stage I 


168 


96.1 


0.39 


Stage N 


170 


96.8 


0.62 


Stage S 


166.5 


96.0 


0.78 


Intermediate Solids (Q) 








.TiOa% 




81.2 




Weight g 




208.2 






Sol. 


Insol. 




Final Liquor 


TiO, 


T1O3 


HCl 


Stage H 


0.69 


3.27 


5.0 


Stage M all as g/1 


0.63 


3.81 


5.4 


Stage R 


2.19 


6.90 


5.5 


Stage W 


0.39 


3.00 


6.2 



Three hundred grams of an ilmenite am.- 
20 taining 56.5% titanium f expressed as TiOg) 
and 40.5% inm (expressed as FeO) which had 
been oxidised and reduced at 875*^C were 
leached for 2 hours at 100°C in a vessel with 
20% stoichiometric excess of constant boiling 
25 aqueous hydrochloric acid. Agitation was 
provided by bubbling nitmgen through the 
mixture. 

Tlie leached material was then recovered 
and analysed for titanium and iron. 
30 The product contained only 89.3% tita- 
nium (expressed as TiOa) and 4.8% iron (ex- 
pressed as FeO). These figures should be 
compared with liiose for the Product Solids 
shown in the Table of Example 1 (96% to 
35 96.8% TiOz and 0.35% to 0.78% FeO). 
WHAT WE CLAIM IS: — 
1. A process comprising heating a finely- 
divided iron-containing titaniferous matenal 
under oxidising conditions to convert the iron 



content to the ferric state, reducing the iron 40 
content substantially wholly to the . fcirous 
staite and thereafter firstly contacting the 
material with aqueous hydrochloric acid con- 
taining dissolved titanium from a previous 
leaching step and then with fresh aqueoois acid 45 
to leach^ out the iron content before recovering 
finely-divided solid material containing an in- 
creased proportion of tiaanium dtioxide. 

2. A process as claimed in claim 1 wherein 

the finely-divided iron-containing material has 50 
an average mean wcigjit partidc size in the 
range of 5Qu to 300[^ and preferably one in 
the range 100^ to 200|fi. 

3. A process as claimed in daim 1 or 2 

in which the finely-divided iron-containing 55 
titaniferous material is heated tinder oxidising 
conditions to a temperature in the range 850^C 
to 950° C to oxic^ the mm content to the 
ferric state. 

4. A process as claimed in any of the pre- 60 
ceding claims in which the oxidised finefy- 
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divided injn-containing titanifcrous material is 
heated under reducing condiuons sto a tem- 
perature in the range 600°C to 1,100^0 and 
preferably to a <temperarure in the range 
5 700°C to 900^C. 

5. A process as claimed in any of the pre- 
ceding claims wherein the dtanium-containing 
aqueous hydrochloric add contains an amount 
of tiranium in the range 0.01% to 2% and 

10 preferably an amount in the range 0.2% to 
2% by weight, estimated as TiOj. 

6. A process as claimed in any of the pre- 
ceding claims wherein sufficient aqueous hydro- 
chloric acid is used in each stage to provide a 

15 20% to 30% stoichiometric excess based on 
the iron content of the reduced material before 
leaching. 

7. A process as claimed in any of the pre- 
ceding clai'ns wherein the leaching is carried 

20 out at a temperature in the range 80°C to 
the boiling point of the acidL 

8. A process as claimed in any of the pre- 
ceding claims in which the oxidised and re- 
duced material is leached in ithe first stage 

25 with aqueous hydrochloric acid for a period 
of from 30 to 300 minutes. 

9. A process as claimed in any of the 
preceding claims wherdn the fresh aqueous 



hydrochloric acid contains from 18% to 22% 

by wdgbt of HCI. 30 

10. A process as daimed in any of the 
preceding daims wherein the iron-containing 
titaniferous material after the first stage leach 
contains from 75% to 85%, by weight of 
titanium, expressed as TiOa. 35 

11. A process as claimed in any of the pre- 
ceding claims wherein the titaniferous material 
is agitated, during leaching, by passing a gas 
ithrough the suspension of solids in the Liquid. 

12. A process as claimed in any of the pre- 40 
ceding claims wherein the add is passed up- 
wardly through a cohmin of the material to be 
leached. 

13. A process as claimed in claim 12 
wherein the add is recycled through the 45 
colunm. 

14. A process as claimed in any of the 
preceding daims and substantially as described 
in Example 1. 

15. Finely-divided solid titanium dioxide- 50 
containing material when prepared by a pro- 
cess daimed in any of the preceding claims. 

JOHN RUSSELL, 
Agent for ithe Applicants. 
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ilONAL SPECIFICATION 



1 SHEET ^^'^ drawing is a reproduction of 
the Originai on a reduced scale 
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